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Introduction:  Cervical  discectomy  with interbody  fusion  is a common  procedure  in  spinal  surgery.  The
resultant  biomechanical  alterations  accelerate  degeneration  of  the  adjacent  segment,  but the  contribution
of natural  degeneration  to adjacent  segment  disease  is  unclear.
Objective:  To  assess  the  long-term  rate  of surgery  to  discs  adjacent  to  cervical  interbody  fusion;  and  to
assess  the  associated  incidence  of  cervico-brachial  neuralgia  and  radiological  degeneration  of  adjacent
discs.
Material and  method:  A multicenter  retrospective  study  included  anterior  cervical  discectomy  patients  at
a  minimum  of 10  years’  follow-up.  Clinical  variables  comprised  pain,  use  of analgesics  and  surgical  revi-
sion. Functional  assessment  was  performed  on  the  Neck  Disability  Index  (NDI).  Radiologic  degeneration
was  assessed  on the  Gofﬁn  score  based  on cervical  spine  X-ray.
Results:  Two  hundred  and  eighty-eight  patients  were  contacted  and  ﬁlled  out  the  clinical  questionnaire.
Among  the patients,  153  underwent  radiological  reassessment.  Mean  age  was  46  years  (range,  16–73
years).  Mean  follow-up  was  14.5  years  (12–18  years).  The  rate  of  surgical  revision  on  a  disc  adjacent
to  the  primary  level  was  5.9%.  Frequent  attacks  of cervico-brachial  neuralgia  were  reported  in  20.5%  of
cases.  Radiologic  adjacent  segment  degeneration  was  found  in 81.3%  of  cases  over  follow-up.  There  was
a signiﬁcant  correlation  between  degree  of  radiologic  adjacent  segment  degeneration  and  NDI  (P  =  0.02).
Discussion:  Degeneration  adjacent  to discectomy/fusion  is partly  due  to aging.  The  present  ﬁndings,
however,  agree  with  the  literature  and  indicate  accelerated  degeneration  in  adjacent  segments.  These
ﬁndings  should  be  taken  into  account  in  treatment  decision-making  and suggest  a possible  interest  of
more  physiological  surgery  such  as  arthroplasty.
Level of evidence:  IV –  Multicenter  retrospective  study.
©  2014  Elsevier  Masson  SAS.  All  rights  reserved.. IntroductionCervical discectomy is an old procedure that has long demon-
trated its immediate efﬁcacy and low associated morbidity [1].
eyond the short-term clinical beneﬁt, however, the biomechanical
∗ Corresponding author. Tel.: +33 4 92 03 86 81.
E-mail address: litrico.s@chu-nice.fr (S. Litrico).
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877-0568/© 2014 Elsevier Masson SAS. All rights reserved.alterations induced by interbody fusion increase the stress related
to motion and pressure in adjacent discs [2]. For example, Eck
et al., in a biomechanical simulation, found respectively 73% and
45% increase in pressure in over- and under-lying discs [3]. These
biomechanical alterations induce degeneration in osteoarticular
structures, with radiologic and clinical impact.
Adjacent disc degeneration is initially radiological, and may
induce new clinical symptoms, leading to surgical reintervention.
An objective quantiﬁcation of degeneration has often been sought,
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Table 1
Assessment of radiological degeneration on Gofﬁn’s criteria.
2 criteria of degeneration
Disc height compared to
adjacent discs
Normal 0
Reduction < 25% 1
Reduction 25–50% 2
Reduction > 50% 3
Presence of anterior
osteophyte
No 0
Just  detectable 1
<  ¼ of vertebral body 2
>  ¼ of vertebral body 3
Study of over- and under-lying levels
The degeneration score for each image is the highest of the 2 criteria and
the 2 levels
The ﬁnal score is the difference between the degeneration scores on
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Table 2
Distribution of patients by pathology, surgical technique and operated level(s) (n
(%)).
Type of pathology
Degenerative 217 (75.3%)
Traumatic 71 (24.7%)
Surgical technique
Isolated discectomy 72 (25%)
Discectomy + fusion 84 (29.2%)
Discectomy + fusion + plate 122 (42.4%)
No data 10 (3.4%)
Operated level(s)
C3C4 10 (3.4%)
C4C5 17 (5.9%)
C5C6 94 (32.6%)
C6C7 88 (30.5%)
C7T1 11 (3.8%)
2  levels 50 17.5%)
absent in 28.2% of cases, slight in 38.9%, moderate in 21.5%, severe
in 8.7%, and total in 2.7%.
Among the patients, 74.5% were very satisﬁed with their oper-
ation, 20.1% somewhat satisﬁed, and 5.4% somewhat dissatisﬁed.immediate postoperative and last follow-up views
4 degrees of degeneration: 0 = none; 1 = slight; 2 = moderate; 3 = severe
ut there is no clear deﬁnition of adjacent syndrome disease,
hether radiological or clinical, to be found in the literature. In
eported studies, follow-up has been variable and often less than
0 years. Despite the abundant literature on the subject, the impact
f cervical interbody fusion on adjacent segments remains unclear.
The principal objective of the present study was to assess inci-
ence of surgical revision of an adjacent segment in patients who
ad undergone anterior fusion of the cervical spine more than 10
ears previously. Secondary objectives were to assess incidence
f radiological adjacent segment degeneration and clinical cervi-
al symptomatology. Correlation between radiological and clinical
ndings and possible risk factors were also investigated.
. Material and method
A multicenter retrospective study included patients undergoing
ervical spine surgery on an anterior approach between 1996 and
000 in 7 French orthopedic and neurosurgery centers.
Patients were included who had undergone single- or multi-
evel discectomy, with or without interbody fusion by graft or
mplant, for degenerative pathology (discal hernia, degenerative
iscopathy, discal osteophytic lesion) or discal-ligamentous trauma
traumatic discal hernia, sprain, dislocation, etc.).
Exclusion criteria comprised traumatic bone lesion, posterior or
ual-approach surgery, corporectomy, discal prosthesis and previ-
us spinal surgery. The selected patients were contacted for clinical
nd radiological assessment.
Clinical assessment consisted of an interview held either
n consultation or by telephone. The following criteria were
nvestigated: secondary cervical spine surgery, cervicalgia and/or
ervico-brachial neuralgia (CBN) on a 3-point scale of severity,
nd use of analgesics or physical therapy. Occupational status
as compared against the preoperative situation. Self-assessment
uestionnaires were delivered: Visual Analog Scales (VAS) for cer-
ical and radicular pain and Neck Disability Index (NDI) [4].
The radiological study was based on cervical spine X-ray. Fusion
uality was analyzed, and adjacent segment degeneration was
ssessed on Gofﬁn’s criteria [5] by comparison with postoperative
adiographs (Table 1). Assessment by two independent observers
as centralized and blinded; in case of disagreement, arbitration
as achieved in a meeting of the two observers.
Statistical analysis used XLSTAT® software (Addinsoft). The
urgical revision rate was calculated as cumulative incidence. Uni-
ariate analysis used Chi2 or Student t tests.>  2levels 11 (3.8%)
No data 7 (2.5%)
3. Results
In the 7 centers, 288 patients were reached and ﬁlled out the
clinical questionnaire; 153 underwent radiology. The sex ratio was
1.12 (152 male, 136 female). Mean age was  46 years (range, 16–73
years). Mean follow-up was 14.5 years (12–18 years). Table 2 shows
pathology types, surgical techniques and operated levels.
3.1. Clinical results
Twenty-one patients underwent spinal revision surgery; 4 had
early procedures on the primary level and 17 were operated on in
an adjacent level. The rate of adjacent segment revision was thus
5.9%. Actuarial analysis with “revision surgery” as event showed
steadily increasing cumulative incidence, predicting a 15-year rate
of 6.3% (95% CI, 4–10%) (Fig. 1).
Among the patients, 130 had chronic cervicalgia (45%); 59 had
frequent (20.5%) and 54 episodic CBN attacks (18.7%). Sixty were
taking medication for the cervical spine regularly (20.8%) and 58
episodically (20.1%). Forty-seven received physical therapy reg-
ularly (30.2%) and 46 episodically (16%). Mean VAS was 3/10 at
cervical and 2.2/10 at brachial level. On NDI, cervical disability wasFig. 1. Cumulative incidence of revision surgery (continuous line) with 95% conﬁ-
dence intervals (dotted lines); abscissa: follow-up (years).
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Table  3
Univariate analysis of risk factors for clinical events.
Revision surgery Chronic cervicalgia Frequent CBN NDI > 48
Yes No Yes No Yes No Yes No
Age
< 40 years 7 62 34 35 10 59 6 26
>  40 years 14 205 96 123 49 170 11 106
ns  ns ns ns
Gender
Male  10 142 60 92 28 124 5 66
Female 11 125 70 66 31 105 12 66
ns *P = 0.05 *P = 0.05 ns
Type  of pathology
Traumatic 2 66 31 37 14 54 1 28
Degenerative 19 198 97 120 45 175 16 103
ns  ns ns ns
Type  of surgery
ACD 5 67 32 40 18 54 0 22
ACDF  8 76 35 49 26 58 5 48
ACDF  + P 6 116 58 64 15 109 12 62
ns  ns *P = 0.006 ns
Number  of levels operated on
1  16 204 99 121 49 171 11 103
>  1 5 56 29 32 10 51 8 27
ns  ns ns ns
Types  of levels operated on
C5C6 or C6C7 11 171 79 103 38 144 na na
Other  10 89 49 50 21 78 na na
ns  ns ns na
n ACD + fusion; ACDF + P: ACD + fusion + plate, CBN: cervico-brachial neuralgia; NDI: Neck
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Table 4
Degeneration assessed on last follow-up X-ray according to Gofﬁn score [5] –
149 ﬁles (n (%)).
None Slight Moderate Severe
T
Es: non-signiﬁcant; na: non-available; ACD: anterior cervical discectomy; ACDF: 
isability Index.
ccupationally, 242 patients had been active at the time of
urgery; 161 resumed their previous work (66.5%), 31 returned
o adapted work (12.8%), and 28 received invalidity beneﬁt
11.6%).
Univariate analysis of risk factors was performed for revision
urgery, onset of chronic cervicalgia and CBN, and NDI. Results are
hown in Table 3. Age, gender, pathology, type of surgery, level
nd number of levels did not signiﬁcantly correlate with rate of
evision. The only signiﬁcant correlations with clinical events were
igher rates of chronic cervicalgia and of recurrence of exacer-
ated CBN in female patients (P = 0.05). CBN recurrence was also
ore frequent in case of isolated discectomy (P = 0.02) or dis-
ectomy with graft (P = 0.002) than discectomy with graft and
late.
.2. Radiological resultsAnalysis of the operated level found signiﬁcantly better fusion
ates for discectomy with graft (95%) and discectomy with graft and
late (95%) than isolated discectomy (65%) (P = 0.001).
able 5
volution of degeneration between immediate postoperative and last follow-up radiogra
Degeneration at last follo
None Slig
Initial degeneration None 5 8 
Slight  4 
Moderate 
Severe 
5  (5.5%) 12 (
No  evolution 1 grade evolution 2
17 (18.7%) 29 (31.9%) 35 (3.3%) 14 (9.4%) 46 (30.9%) (56.4%)
Adjacent segments were analyzed on radiographs at latest
follow-up in 149 cases, showing degenerative lesions in 96.7%:
slight in 9.4%, moderate in 30.9% and severe in 56.4% (Table 4).
Immediate postoperative and latest follow-up radiographs could
be compared in 91 cases, showing deterioration in 81.3%: by 1 grade
in 31.9%, 2 grades in 40.6% and 3 grades in 8.8% (Table 5).
Clinical-radiological correlation found a signiﬁcant relation
between degree of radiological adjacent segment deterioration and
NDI (P = 0.02) (Table 6).Univariate analysis of risk factors for radiological deterioration
found signiﬁcantly worse degeneration in case of primary surgery
in levels C5C6 or C6C7 (P = 0.04), no other studied factor having
signiﬁcant impact (Table 7).
phs – 91 ﬁles (n or n (%)).
w-up
ht Moderate Severe
21 8 42 (46.1%)
9 16 29 (31.9%)
2 12 14 (15.4%)
6 6 (6.6%)
13.2%) 32 (35.2%) 42 (46.1%)
 grade evolution 3 grade evolution
7 (40.6%) 8 (8.8%)
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Table 6
Correlation between Neck Disability Index (NDI) and radiological degeneration at
last  follow-up (n (%)).
Degeneration
None Slight Moderate Severe
NDI < 48 5 (4.2%) 11 (9.2%) 33 (27.8%) 70 (58.8%)
NDI  > 48 0 (0%) 0 (0%) 5 (31.2%) 11 (68.8%)
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Aigniﬁcant on Chi2: Qobs 9.71 P = 0.02; NDI: Neck Disability Index.
. Discussion
In the present study, the rate of revision surgery for adjacent
egment disease was 5.9% at a mean of 14.5 years’ follow-up, with
hronic cervicalgia in 45% of cases and frequent CBN in 20.5%.
There was radiological deterioration in 81.3% of cases, espe-
ially associated with C5C6 or C6C7 fusion. There was  a signiﬁcant
orrelation between radiological deterioration and NDI.
djacent segment disease in anterior cervical fusion
There have been several studies of the impact of fusion on
djacent segments, reporting that increased stress accelerates disc
egeneration. Hilibrand et al. reported a large retrospective series
f 374 patients with anterior cervical discectomy and fusion:
nnual incidence of adjacent segment symptoms was  2.9%, with
8% of patients presenting clinical signs [6]; 25.6% of patients were
redicted to have adjacent segment involvement within 10 years
f primary surgery. More recently, Gofﬁn et al., in a retrospec-
ive study of radiological adjacent segment degeneration in 180
iscectomy-fusion patients at a minimum of 5 years’ follow-up,
ound a rate of 92% and concluded that fusion is an independent
actor for disc degeneration [5]; type of surgery (with or without
usion, type of graft, associated plate) did not inﬂuence degen-
ration but did correlate with non-union in the operated level.
umerous studies reported high incidence of adjacent segment dis-
ase following discectomy and fusion, with prevalence increasing
ver follow-up, as in the present study. However, it is essential to
now the natural history of disc degeneration in order to be able to
stimate the real impact of fusion.
able 7
nivariate analysis of risk factors for onset of radiological degeneration.
Evolution of radiological degeneration
0 to 1 grade 2 to 3 grades
Type of pathology
Traumatic 14 12
Degenerative 33 32
ns
Type of surgery
ACD 7 10
ACDF 29 19
ACDF + P 8 13
ns
Number
1  40 35
>  1 7 9
ns
Type of operated levels
C5C6 or C6C7 29 33
Other single level 10 2
*P = 0.04
s: non-signiﬁcant; ACD: anterior cervical discectomy; ACDF: ACD + fusion;
CDF + P: ACD + fusion + plate.Surgery & Research 100 (2014) 305–309
4.1. Natural history of disc degeneration
In 2003, Wilder et al. reported 707 patients without disc surgery,
with a mean age of 66.8 years and a mean 5.8 years’ follow-up: 48%
showed radiological disc degeneration. The overall annual degen-
eration rate was thus between 8% and 9% [7].
Studies of radiological evolution after cervical fusion fail to ﬁnd
signiﬁcantly worse degeneration in directly adjacent discs than
other discs, indicating a signiﬁcant contribution of natural history
to degeneration [8].
Lundine et al., in a retrospective study of preoperative MR
images in 106 patients, found systematic preoperative degener-
ation in levels adjacent to subsequent surgery, and concluded that
degeneration is not directly the result of fusion so much as a sign
of evolution in natural history [9]. Okada et al., in 223 healthy
volunteers (39 ± 15 years of age at initial MRI), found radiological
degeneration at a mean of 11.7 ± 0.8 years after initial MRI  in 58% of
subjects [10]. When, however, a part of this healthy volunteer group
(n = 201) was  compared to 64 discectomy and fusion patients at a
mean of 12.1 ± 0.5 years’ follow-up, clinical symptoms and adjacent
segment degeneration were worse in the patient group than in the
healthy controls; the authors concluded that discectomy and fusion
accelerate disc degeneration in adjacent segments [11]. Although
these studies were purely radiological, there would seem to be a
direct link with onset of pain [12]. The present series showed a sig-
niﬁcant relation between degree of radiological degeneration and
NDI.
4.2. Clinical aspects of adjacent segment disease
The incidence of clinical adjacent segment disease is also to be
compared to the clinical data for non-operated subjects. The preva-
lence of neck pain of whatever cause has been estimated at 10–25%
in the general population [13,14]. These rates greatly depend on the
data collection methodology, and do not correlate with radiological
degeneration.
In a recent systematic review of cervical fusion, Lawrence et al.
estimated the prevalence of postoperative clinical adjacent seg-
ment disease at 11–12% at 5 years and 16–38% at 10 years [15]. A
meta-analysis of 14 studies found a mean 12% rate of clinical degen-
eration, varying, however, from 1.8% to 36%; this study highlights
the heterogeneity of the data and analyses [16].
In a systematic review, Kraemer et al. focused on the deﬁnitions
and classiﬁcations of radiological and clinical adjacent segment
disease, and concluded that methodologies varied and no valid
classiﬁcation exists [17].
In the present study, the prevalence of cervicalgia reached a 45%
by a mean 14 years after primary surgery, with a prevalence of
CBN of 20.5%. The retrospective design unfortunately did not allow
patients presenting new symptoms to be distinguished from those
who failed to improve with surgery.
4.3. Surgical revision for adjacent segment disease
The rate of surgical revision in adjacent segments is directly
related to radiological and clinical degeneration, and varies from
3% (Komura et al., 2012) to 8% (Hilibrand et al., 1999) [6,18,19].
Xu et al., in a retrospective study of 888 patients at a mean of 94
months’ follow-up, found a revision rate of 12.2% at a mean of 47
months; the rate of further degeneration requiring a third operation
was 25% by 30 [20]. These ﬁndings implicate fusion in accelerated
disc degeneration.Wu  et al., in a study based on national data over a 10-year period,
found an annual incidence of revision surgery of 0.8% [21]. These
differences are due to varying follow-up times and the fact that
indications for surgery are far from uniform.
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The present study reports an overall revision rate, close to those
ound in the literature, of 5.9% over a long follow-up (14 years).
here was also a linear increase in revision surgeries over time,
uggesting even higher rates over a longer term.
.4. Risk factor analysis
While it is difﬁcult to distinguish the roles of iatrogenesis and
atural evolution, exploration for factors predisposing towards
egeneration remains useful as it can orient indications for treat-
ent. Certain risk factors commonly emerge.
In a systematic review, Lawrence et al. implicated fusion with
reserved levels C5C6 and/or C6C7, age < 60 years, pre-existing disc
rotrusion with medullary contact, and fusion involving 3 or more
evels [15].
In a recent retrospective study of 888 patients, Bydon et al.
dentiﬁed levels C5C6 and C6C7 as mostly frequently involved by
djacent segment disease [22].
The present univariate analysis identiﬁed surgery in C5C6 or
6C7 as a risk factor for degeneration.
In the literature, as in the present study, the number of lev-
ls involved in fusion does not seem to be a factor for increased
egeneration [23].
onclusion
The various studies agree on a correlation between radiologi-
al degeneration and onset of new clinical symptoms in the form
f adjacent segment disease. The rate of adjacent segment disease
eaches 38% by 10 years, with surgical revision rates varying from
% to 10% depending on the series. There are many arguments
ending to show that fusion accelerates degeneration in adjacent
iscs, although this is hard to quantify in distinction from the nat-
ral evolution of osteoarthritis. Indications for surgery should take
ccount of these ﬁndings and of the long-term iatrogenesis induced
y surgery. The emergence of potentially more conservative pro-
edures such as arthroplasty may  limit the onset of degeneration.
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